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TlfK    ACTION   OF    ADItKNALIN   ON    THK    KIONKY 

Frank  A.  llurtinaii  atxl  lUm  S    |,ang. 
rrom  «hf  l><>partnirnt  of  I'hy.loloay.   Inl»»rilty  of  ToroBio) 

Many  inv.'»t(i|{atora  havi-  ■tuiiit-il  tin-  aition  of  itdnrialin 
"II  the  kidni'.v,  Imth  in  rt'tfar.l  to  .irculHtory  chm  »  ami  to 
until-  flow,  anil  liavi'  foiinil  that  ont-  or  lH)th  may  Ih-  nioditicd 
1...  thi.«  xiilmiiini.'.  InaMuiurli  aa  Cow  ( I )  haa  ahown  thai  tliero  ia 
ilinrt  •onimunii'ation  lu'lw.-.n  th.-  adrenal  nixliilhi  hii.I  certain 
(Miris  .if  thi-  ki.lii-y.  it  appiarN  that  adnnalin  niitfht  have  aomc 

""■""■tnrit  fiin.lion  in  th intnil  of  the  kiiln.y.     In  the  prcwnt 

ii.Manif  we  have  maile  a  atu.ly  of  the  infliiei of  niln  nalin  on 

III.  kidney  volume,  iM.th  from  Kanj{liar  and  (ierj|iheral  aetion 
.\lil..iii((li  if  In  poHnihle  that  adrenalin  may  infliieiiee  urinary 
V.  !■  lion  independent  of  vaseular  ehanifea,  yet  we  know  that  if 
v.iviihir  ehansrea  oe.ur  tiny  will  alao  modify  kidney  activity. 
It  isjissumed  that  volume  eharufed  are  due  to  vawular  elmnRei. 

MKTHODS. 

The  methoda  emi)loyed  Were  aimilar  to  fhoa«  usi'd  in  a  pre- 
vi..iis  Ntudy  of  the  apleen  (2 ) .  the  kidney  hointr  enelosed  in  n  uutta 
I'-nlia  oneomoter  which  was  eonnpetei!  with  a  Hro.lie  In-llowa 
noiirder. 

In  tho  pprfuaions  the  veasela  were  all  tie<i  off  and  warm 
■'Vvu'.  Mated  RinRcr'a  solution  forced  into  the  renal  artery  under 
H  '..Mstant  presHure.  In.jeefiima  of  adrenalin  into  the  perfusion 
Hill. I  were  made  at  the  entrance  of  the  perfusion  cannula  by 
mi:,uH  of  a  hypodermic  needle  piereinK  the  rubber  tubing. 
Pav^ive  effeets  of  the  injection  were  ruled  out  either  by  slow 
itij..  tion  or  else  by  a  aimidfaneous  removal  of  an  equal  quantity 
"f  I  rfusion  fluid  by  another  needle  inserted  farther  back  in 
till  ■  iinneetinsr  rubber  tube. 

All  animals  were  under  the  influence  of  ether.  Ailrcnalin 
wlutions  were  made  by  diluting  Parke.  Davis  &  Co.'s  adrenalin 
fill  ride  solution  with  distilled  water. 

RESJTLTS. 

In  an  earlier  research  f.T)  we  found  that  small  doses  of 
a'lr  n.ilin  injected  into  the  peneral  circulation  caused  constric- 
*" f  ''"^  kidney,  while  in  some  instances  larffer  doses  caused  ' 
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pimiiJrMlHiii    fiill.iWf.l   li\    .liltii.iti.tii    llri't   .hliii.iiM'ii   |>r><  i 
I'liiiklrK'thiii  iH'.tirod  «l  liMi><t,  Iml  iii»|Miir>il  to  Im-  n  ixtMU. 


'  ivi'  iiiori'  I'll 


Is  HImI   llll-r  lU'tl*  »•  •>    Ulinllril   ill   lIlH  «ll> 


ri'iiiKo  uliii'li  iii»rir  «iili  ilif  .Mtli-T  r-wiin'li 
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l>4    illr.l        'ric-   klt|lM>    (if   II    iltijf 


III!    iNpilllllrlll    lllll>    IH    "llri 

iiiu'  1^  ktfiii    |-«>i|Miiii|..l  liy  cdii'.liiiliKii  to  ilim."*  of  inlniiiiliii  r 
illir    friilM   l>2   ■•'•  .    I     IINIIMHt   til  II  »    I-.-  .    1     IttJHHt       TIl'W   »i  I. 

ili'lirriNnr  i\«-on  n)'  iplfi'iiitlm     'I'll'   f  <i\»»\'"'  I"  il"»'t  riinuiiii:  I 
<i  4   !■(•  ,    I    liiiMHi  III  :|0  I'l' ,   I    litiNHi  wiiH  i-oiixtrii'ii'iM   f>t\\<' 

liv    .llliilulinii     I  l-'m      1      .    im;    .<•.    ItdlNNI    wim   II    ilr|.r.-.«'.r   .i 
hIiiIi-    t     i   •;•     llf   llh'  ■.iltnr   .lllullnll    Will   |ir'»!">r   ill    riTl'I'l. 


Sir"'!^ 


Ki"     1       1  ■■nslri.timi    iiinl    ililiilnlM.ti    ul    n    iiHiiMiil    khlni-v    lii'in    ii.lr.       iM\ 
1  .1  (.(■..   l:Iil,i"«l  inj.'.li-il   into  till'   jii(.Miliir  niii.      \y»)S   "♦  k|!in 

AIiIiiiiiIk'Ii  lliis  ilrliivcd  (liliitatiiiii  ofciirriii^'  in  tin-  kh'n.y 
WHS  siliiiliir  Id  lliiit  oi-ciirriiiir  in  tl;«'  iiitistiiifs  Ct,  p.  :ii:r  I'li 
liir(.'o  iloscs  of  jiiliiiiiiliii  it  was  li.v  no  iiu^iiis  so  iirfvalfiit.  ll-» 
ovor,  in  tliosi-  itulivitlmils  in  wliidi  it  was  ohtainpil  it  r.s  lt..l 
rcpfiitiMlly  from  iiij.  itiniis  ntiovi-  a  I'lTtain  ilosc. 
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. !;.'.« 


\\i'  uv*t  Hlti'tii|>li>i|  to  tiH'uii'  ilii'  riuiiiiiH  Hhrri'  ixIo'IihIiii 
<'i>itli|  |ir<Hlu<'«'  llicM-  lni>  •'tYccln,  I  I' ,  I'uiialrii'tiiiii  aii<l  ililututiuii. 
It)  iifilir  to  M'|>4iritti'  |H>ri|ili<'rtil  I'roitt  t(uiit(liitr  nr  iiiori'  <'<'iilrHl 
.fT"l».  »<■  ri)iii|i|i'ii'|\  I'lii  nil'  IIh'  kii|iM>  from  iIm-  i-»l>>  •  iri'iiltt 
t.  'It.  tli<-M  |M  rfitwil  it  NtTvotm  i'oiiii>'<-li<iiiii  to  Ihf  ki<lii)*y  wtTf 
•  Hrrfully  |»rr»i.rv'il  in  the  •i|>irrtii'>h  lioili  kiiltMy*  vnr>-  \><r 
fiioi'il  Hlli-rtiiili'ly  in  l»ii  <|iik<i     Tin'  IIi-kI  »ii>«  mi  iiiiitiitii  <  In  ktfiii  > 

ttuit  iriiv imlrirlioii  folliiwiil  liv  ililuliiltiiii  of  the  klillK'V  ulii'tt 

it«  riri'iilHtioti  wim  imIh>'(  iiimI  a  liirvi'  ijimc  nf  nilrt'iiiiliti  miir  in- 
jf.'ii-i|  into  tilt'  jiiKuliir  vi'in  Winn  |iiTl'iiNi'il,  llif  It'll  kiilm-y 
tfitxf  <tiliiliiliiini  I'roiii  .iHtintitr  viiii  in.j<'>'tioiiN  of  iIoki'm  iiIhivi- 
iij  I'l- ,  1  ;|(1.(HNI  Soiiii'itMii-ii  itliuhl  i'on>«tri<'tion  |iri'"'t'i|i'il  llo' 
ilil.iiiition   (  Kiir.  2        Iti.ii'i'lioni*  of  iLlriniilin  into  lln'  |tiTfii»ii>n 


Ivj    .'      I  Mil. Ii  11 1  inn    nil. I   iliLiI.tli'iii   III    u    iii-rlii'ii'il    kiiliii'V.   'J   i' i'..    I  :  lO.IMiO 
iiiliii   '!iM   iii|i'it*'il  iiitii  t<i::iil.ii    vi'Mi.      Ilii;;    \x  kv'iii 

t'lii.j  liiiiMiil  II  MJiiiiJtir  I'tTi'i't.  i.  I' .  riiiiHtriction  roljowcii  liy  ililatn- 
ti'iii  I  Kiu'.  •'{'.  OiTaMioniilly  tlif  iljhilation  «iih  Inllowiil  liy  I'on- 
Mfli'iiiiii.  Till'  ollur  kiiliii'V  ri'<i|Mitiilri|  in  ii  ''Miiihii'  iniinni  r.  Imtli 
liifnrr  niiii  after  pi'tfusion. 

Till'  scconil  (iiitf  !  !•'(  ku'iii  ttavf  ililalalion  in  liolli  pi'ifiiscil 
liiliirvs  from  ailri'iialin  in.i'"'ti'il  into  llii'  jiiciilar  vi'in,  while 
III'  'limiM  into  tin'  pi  rfnoicm  tliiiil  I'ausiil  I'onstrii'lion  f  Ki'f.  4i. 
I"  "^  iiH  Miiiali  as  ni»  ,i'  .  1  :lii(i,(MMl  ifavi'  lliis  r.'siilt. 

Vnlniiii' i-lianiji'H  in  iMifii»ii|  kiilni-NM  from  .juifulai-  v. in  inj>i'- 
'  ■'  1'^  'if  adnnaiin.  may  !"■  liin'  to  aition  on  siruittirrs  in  I  In'  Mi'iiii- 
'  ■■■  II  iTi'iimlion.  dorsal  root  L'ant'lia  or  in  soiii'-  iimrt'  central  loea- 

'  We  trieil  Ihi    eft'eef  of  ilileel  ap|>lieatiini  of  ailrelialill  to  these 
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iritiiuliii  Ttit'  tfsnulia  Mm'  ii*uiill>  alil  In  f*'  itital**  •lwir|'^ 
III  the  rum-  tif  llii-  iwiHiliiiiiir  ununUim,  the  imm^'iilrry  »Hi 
mill  wpiiriilril  fmitt  il  in  mwh  a  Miiy  llml  m  porlirl  rmilil  Ih<  h, 


Fi|t  ;t.     ('iin>trl<  tiiiii  anil  >)iliitiili<>n  ■>(   «   iwrdiM'il   kiilnrv   from   the   n 
tlim  of  Oi  i-.i' ,   I    IIN).mi*)  Bilrpnaltn  inin  tbr  |N'rfii<ton   Huiil      I 
IN  kltm. 


iii 


m'  ■ 
'•  ''kV  t    .    *    1    .   < 

• 
1       i  4    1       1                    ^ 

-jT*'       -        ..V. 

ritf,   4      roimtrii'tioii    ai   n    |N'rfiiiM'<l    ',  idney    from   thi'   iiijotinn   of    1   ; 
lliNi.iNNi  ailri'ti.ilin  into  tlii'  (HTfnaion  t1iii>l.     I><ik  I.'>  ktim. 

Iiy  t'liKaffiiiir  the  nil  Miirfui-i'  of  IIh-  ini'i«'iitt>ry  with  liapinosi.  - 

Ailri'iialiti  Niilutinim  nmlil  tlirii  he  coiitincii  in  tliiii  |i(M-kt't  witli    it 

iilivirptioii  into  tin'  kcidtiiI  ciri-ulHtinn. 


II.\UTM  «N   ,\M»  l..\.\«i 
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A'lr'tmlm   mii.m   mi    (hi    «•  ittilitiiiir   ifitiitftinti    Hua   »liii|(t«| 

il.frr  nu  himI  »ii.'  i|ii«     ItilMlMix.H  ..r  i(f  ki.lri.'.v  ««•  .•I.Umi>'<I 

kII  "f  I'l. M-  wliiii  ailr>hi«ltM  MA*  ii|i|ili.i|  III  III..  KHtiirlt.iii  in 

i  i'-«iltiMi      III  Willie  HMiiimU.  •■■iiM>  III rnl Mill*  n*  Iom   ««  |    tiNMimi 

f<r»<h|rri|  thta  r<-*llll  ,  IM  •ilh>r«  H   I    llllKNI  wiIuIkiii  wm*  ||.  .  rwuiry 

Kir  •'I'.    Ill  •»"  "f  tit.'  .1,1,  ih..  JHi:.  r  ■hIhImhi  wimrhmr*  •••iia>fi 


)  I.'    %      Oilntmion    •>(    thi>    khlnfv    idiionl    l>v    Iho    aiifiUi ntlon    i>f    I    |il,iiilil 
■tilr^-nitlin  in  ih«  ■••militnnr  iKncllon     fat   .1  I  k«iii 

■  I  iiiiiiiiiii  folJiiH.il  hy  i-iiiiMtriiiioii  Thin  idul.l  Ik-  •>\plniiiei| 
■>u  th<>  trriMiml  llmt  111111111  HtiHMiiitii  of  nliiMirlNil  mln'milin  HfTo't 
ttt  ihJHtiir  iiii'.'hiniiiiiii.  whiji'  Inrifi-r  niiioiintii  liriinr  fit.'  .•iiimiriii.ir 
1)1  '  liHiiNiti  iiilii  iii'lioit  Thin  vMiN  ■■iiiitiniii'il  liy  the  iitirr  cdn 
«'ii'tliiii  wliii-li  it  wiin  |Mwsil)lf  to  iilitiiin  with  )'oni'<-iitrtit<>il  ailrcii- 
iliii  wiliiiiiiiiii  rl:l,n(M)i    (Vig.  d). 

W'f  mni'hiili'd  from  iIhim'  oliwrviitionii  ihut  iii|ri>miliii  fun 
11  tlmiM-f  flic  voliiiiu'  of  fhf  kitliiiy  liy  Bffinn  ii|mii  IhiHi  iliUtor 
umI  conntri.'tor  tiifiliMiiiftiiin  liM.itr.l  in  fh..  winihiriiir  jfiinrflioti. 
M.  r.Kiilt  (|>'|M'ttiliit|{  it|Hin  fill'  lonci'iitrntioii  of  H<lr>'tiiiliti  iili- 
u.il..  \ 

Till'  ifTi'ff  of  iiilri'iiiilin  throiiuli  llif  dort.il  riNit  Kiinirlin  wnn 
»'  ilii'.l  in  four  i-Hlii.  With  flu-  nniiiiHl  lyinir  on  it«  mi.lc,  nii  o|itn. 
in.'  ixiiiiiliriir  frnnsviTiily  from  tli.'  mi<llin<-  w -s  m,i.|.'  in  f|i,. 
alldiiiiiiiil  MiiJl  nluiv.'  til.'  kidney.  Tin-  kiilm-y  whm  pln.'.-d  in  tln» 
ri, III. fir  nnd  tln'  nppiimtin*  priporly  ndjimfp.!  Icforo  .'xponiire 
"t  tl,.'  .lormil  root  jfimifliii  Tli.'  tw.lflli  mikI  tliir'..  nth  liiornci.' 
i.'"L'li(i  wi-rc  ciirrfiillv  .•xpoKi'd  nn<l  flu-ir  >'onni.'lions  with  flic 
"I'd  '-ord  m-vpri'd  Aftir  iillowinir  a  uliorf  fim.-  for  th.'  Idccil. 
ii  •  1.1  ..top.  ilii»  n.lr.iiiilin  solution  wim  applied  tn  n  iriiiii»lion      fn 
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*>Mii'  cHsi'H,  to  iniikf  Hurt'  that  udrcnaliii  was  not  PHi-apinx  ini' 
the  general  eireulatioii,  the  f^aiiKlioii  was  8iiri      .ided  by  rubhtr 
dai  ..     The  earlier  the  adrenalin  was  applied  ihe  more  sensitiv. 
waH  the  (f»ii(;lion.     In  faet,  if  the  ganKlion  had  been  exposed  tin. 
long  or  Ihe  blood  pressure  had  beeoine  extremely  low.  there  Wii^ 


Kiy.  li.     (iiri-trii  liiiii    iil    tlir    kiiliicy    linisnl    liv    tlic   a|i|>lii  iltion    iif    l;|i'^ 
adrenalin  to  the  Hemiliinar  ganglion. 

eiliier  no  resprinsr  or  else  only  a  slight  cffeet.  Second  and  tliiiil 
applii'iitions  to  the  same  ftnnnlion  iiad  no  etTeet  unless  seviiii' 
minutes  interveneil  and  the  >ran<jlion  was  thoroughly  wasli-l 
with  isotonic  sidt  solution.  The  iidrenalin  solution  was  wanii-  '1 
to  .'i?^  (',  lii-eause  cold  solutions  of  liistilled  water  sometimes  pi"- 
dueed  an  etfeet. 

In  one  aiiimnl.  eonstrietion  of  the  kidney  was  prodneed  liv 
1  :10,()00  adremdin  ai>plied  to  the  dorsal  root  franpli.  Ni>  dila 
tatinn  was  olilainrd.  The  blood  pressure,  however,  was  ipii''- 
low  (.'{2  mm.' . 

Dilatation  of  the  kidni'y  was  produced  in  the  three  rcin.nii 
ing  animals  from  solutions  of  1  :1().0<)().  One  of  these  aniiii:ils 
pave  a  similar  response  with  1  :10().nOO  adrenalin.  The  respmiM' 
is  frequently  very  slow,  due  no  doubt  to  the  slow  absorption  ••}' 
the  franplion  (Fig.  1). 
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I  ii:  7.  Dilatutidii  of  the  kiilnov  proiliicnl  l.y  piiiiiliiiB  a  .lorsal  rimt  ^nii- 
Khoii  with  l:IO,l(M)  udniiiiliii.  I  ho  piii«li„n  was  siirroiiiiileil  hv 
ruhlier  tlam.     I'at  2.4  kfjin. 

DISCI  SSIOX. 

Oiir   experiments   pr  vc   that   a.ln'iiiili?.    frequently   causes 

■  liliitatioii  of  til,"  kidney.    Tiiis  dilatution  can  lie  caused  by  action 
ri  I  he  semilunar  Kannlion.  dorsal  root  uaiiRlia.  or,  in  some  cases. 

'Ill  >stnietures  in  the  l<idney  itself. 

IFoskinsand  Gimiiii  ■'  (4)  ohtnined  dilatation  following  eon- 
-iridion  in  one  dopr  out  oi  .sixteen  from  intravenous  doses.  This 
Ikis  heen  more  fre(|Uiiit  in  our  experinu'iits,  as  five  out  of  nine 
LMNe  this  rispon.se.  In  addition  to  these  experiments,  which 
«.  le  upon  kidneys  with  an  intact  circidation.  we  have  ohiained 
liliitation  of  the  j)erfused  kidru'ys  of  two  dogs. 

Kidney  dilatation  from  small  doses  of  adrenalin  may  !)e  more 
"iiimon  than  one  might  .suppose.  However,  the  eon.strietor 
in.  Iianism  in  the  kidney  tends  to  predominate  in  adrenalin 
i'^l>(in.ses. 

In  view  of  the  recent  work  of  Addis.  Harnett  and  Shevky 
'<    we  fried  to  obtain  dilatation  of  the  kidney  in  a  rahhif  by  the 

.ipplication  of  adrenalin  to  the  ? 'lunar  ganglion.     Poneentra- 

ti'Mis  of  adrenalin  from  1  :100.non  to  1  rlO.OflO  caused  only  eon- 
^trii'tion  in  the  kidney.  This  is  eonfirmatory  of  recent  work 
t'niiii   this  laboratory    (G).  which  has  sliown   that   rodents  are 

■  A'cptional  among  mammals  in  that  adrenalin  vasodilator  niecb- 
inisnis  are  either  al)sent  or  else  insignificant  in  their  action. 

"We  also  attempted  to  produce  volume  changes  in  the  kid- 
iM  ys  of  cats  by  subcutaneous  in.ieotion  of  adrenalin.  Doses  of 
I'"'  '•'•..  1  :1.0nO  produced  no  distinct  nsult.  Three  animals  were 
' "-ted  in  this  way.  Therefore,  it  seems  that  even  in  animals 
^w.ich  are  known  to  pos.sess  adrenalin  vasodilator  mechanisms 
Milicutaneous  in.jcctions  have  little  etTeet  upon  the  volume  of 
■:     kidnev. 
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III  npinl  t(i  tlu;  cfTfut  of  ndreiialin  mingled  with  the  p'  i 
fusion  tluiil  IVd  to  a  kidney,  numerous  observations  have  he. 
niadi  liy  olhirs.  Sollrnann  (7),  with  relatively  lnr({e  do8<!<  • 
adrenalin,  olitniiied  eonstrietion.  He  says,  however,  that  aft^ 
several  hours'  perfusion,  or  sometimes  earlier,  the  eonstriii" 
netion  disappears  and  that  at  times  it  is  replaeed  hy  n  dilat.. 
aetioii.  I'liri  (Si  olitaiiu'd  one  case  of  dilatation  from  adretuili! 
in  the  perfused  kidney. 

SfMMARY. 

1.  Adreniiliii   in   nioderatc'  amounts  produees  dilatation  of  tl 
kidney  in  some  individuols. 

2.  Dilatation  is  usually  preeeded  l>y  a  brief  eonstrietion. 

.'!.    Adntialin  <'an  produce  dilatation  by  its  aetioii  on  either  li 

semilunar  ftantjliou.  dorsal  root  nannlia,  or  on  some  structir 

in  the  kidney. 
4.    I.ikewise  eonstrietion  ean  be  produced  by  adrenalin  aeli',- 

either  in  the  semilunar  ^'aiiKlion.  dorsal  root  (jan(flia.  or  tl 

constrictor  structures  in  the  kidnev. 
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